original clinical study Purpose: to investigate the association of sleep duration and quality at 12 months and myopia at 3 years.
M yopia has reached an epidemic in urban East asian cities. 1 the dramatic increase in prevalence has been more significant in very young asian children, 2 which is a public health concern because early-onset myopia may progress to high myopia with multiple sight-threatening pathological consequences. 3 although the cause of early-onset myopia is not fully understood, both genetic and environmental factors are postulated to be related to myopia development. Early lifestyle risk factors such as increased near work and reduced outdoor time have been shown to play an important role in early myopia development. [4] [5] [6] sleep is possibly correlated with refractive errors. Few studies have investigated the association between sleep duration and refractive error. the Korean national Health and nutrition Examination Survey 2008-2012 examined 3675 adolescents aged 12-19 and found the refractive error increased by 0.10 diopter (d) per 1 hour increase in sleep duration (P = 0.004).
7 in contrast, a cross-sectional study among 1970 children aged 6-12 years in china did not show an association between sleep duration and myopia (P = 0.20). 8 However, these studies did not account for key confounders such as outdoor time, light exposure, and near work and were limited by the cross-sectional design. there are no studies about sleep duration and refractive error in children less than 5 years of age.
recent cross-cultural studies showed that children, including infants, toddlers, and preschool students, from asian countries had significantly shorter total sleep duration and more sleep problems than children from Western countries.
9,10 a significant overlap between the biological pathways regulating sleep and ocular growth via dopamine and melatonin has been shown in both human and animal studies. 11, 12 sleep is fundamentally regulated by the circadian rhythm via melatonin, which is controlled by mutual interactions with retinal dopaminergic pathways. ocular growth is also controlled by both dopamine and melatonin involved in ocular circadian physiology.
11,12 Myopia may damage intrinsically photosensitive retinal ganglion cells (iprgcs) due to its retinal stretch, which may lead to sleep disorders. 13 We aimed to investigate the association between sleep duration and quality at 12 months and refractive errors at 36 months in singaporean infants, using longitudinal data from a birth cohort in singapore. materials and methods study Population the study population consisted of 376 infants from the growing up in singapore towards Healthy outcomes (gusto) birth cohort. the gusto study recruited pregnant women aged over 18 years in their first trimester antenatal clinic at either of Copyright © 2017 Asia-Pacific Academy of Ophthalmology. Unauthorized reproduction of this article is prohibited.
the major public hospitals with obstetric services in singapore, KK Women's and children's Hospital or national university Hospital, from June 2009 to september 2010. 14 the participants recruited were singaporean citizens or permanent residents who had intention of residing in singapore for the next 5 years and who were chinese, Malay, and indian, which are 3 major ethnicities in singapore. children who had eye disorders including strabismus, facial nerve palsy, ocular infection, and ocular trauma were excluded. a total of 1236 participants were recruited at the first trimester antenatal clinic, and 1171 offspring were delivered from november 2009 to May 2011. Parents of 556 children responded to the sleep questionnaire at 12 months, of which 376 children attended the third-year visit with eye measurement.
informed written consent was obtained from each child's parent, and procedures were approved by the national Healthcare group institutional review Board (irB) and the singHealth centralized irB.
brief infant sleep Questionnaire the Brief infant sleep Questionnaire (BisQ) was administered to each child's parent to evaluate infant sleep behavior at 12 months of age. the BisQ was conducted in English, chinese, tamil, or Malay language. all parents were asked to describe their child's behavior over the past week. three items were chosen from the questionnaire as a main exposure parameter in the current study to evaluate sleep quantity and quality: (1) "How much time (on average) does your child spend in sleep during the nigHt?"; (2) "How much time (on average) does your child spend in sleep (naps) during the day?"; (3) "What is the average number of times that your child wakes up per night? number of awakenings?" Both (1) and (2) were reported in hours and minutes. total daily sleep duration was calculated as the sum of night and day time sleep.
eye measurements Conducted at 3 Years old cycloplegia was induced by the administration of 1 drop of 0.5% proparacaine and 1 drop of 2.5% phenylephrine, along with 3 drops of 1% cyclopentolate 5 minutes apart. after an interval of at least 30 minutes after the last eye drop, cycloplegic autorefraction was conducted using a table-mounted autorefractor (model rK-F1; canon, tokyo, Japan). axial length (al) was measured with biometry (iol Master; carl Zeiss Meditec, oberkochen, germany). the reliability of each al measurement was evaluated with signal-to-noise ratio (snr), and a reading was included when snr was greater than 2.0. spherical equivalent (sE) for each eye was defined as spherical power plus half negative cylinder power.
antenatal Questionnaires and anthropometric measurement
Questionnaires were administered in English, chinese, Malay, or tamil at the recruitment visit (less than 14 weeks) and the 2-year postnatal clinic visit to obtain information about ethnicity, maternal education level, parental refractive status, and duration of near work and outdoor time of the child. Maternal educational level was categorized into 2 groups: (1) secondary school or less and (2) tertiary education and higher. Parents were considered as myopic if they had worn spectacles or contact lenses to see far distances. the duration of near work was calculated as the total time spent on reading or writing, coloring or drawing, and using handheld devices such as smartphones or computers. screen time was assessed by determining the time spent on playing handheld video games or using handheld devices like phones to play games/watch films. the time spent outdoors included physical and leisure activities. near work and outdoor time were assessed by calculating the number of hours per day for weekdays and weekends, respectively, and the number of hours per day (5/7 hours per weekday + 2/7 hours per weekend) on average at 24 months. the child's height was measured by trained observers at 3 years. statistical analysis only data from right eyes is presented, as the data for the right and left eyes were highly correlated [Pearson correlation coefficient (r) = 0.92 for sE and 0.91 for al]. total sleep duration and number of night waking times were analyzed as a continuous variable (per 1 hour increase in total sleep duration, per 1 increase in number of night wakings) and also as categories (tertiles). total sleep duration was categorized into less than 11 hours, 11-12.5 hours, and at least 12.5 hours. number of night wakings was categorized into first tertile (less than 1), second tertile (1-2), and third tertile (at least 2). First tertile was used as the reference for all sleep variables. total sleep duration was also categorized into 2 groups based on the optimal total sleep duration for 12 months as at least 14 hours and less than 14 hours (reference).
15 univariate models were used to examine the association of sleep duration (exposures) with al and sE (outcomes). additionally, multivariate models were created to adjust for confounders such as age, sex, ethnicity, maternal education level, parental myopia, height, near work, and outdoor time. all P values were 2-sided and were set as statistically significant at P < 0.05. data analysis was conducted using stata 14 (stata statistical software, release 11; statacorp lP, college station, tX). results out of 1236 recruited pregnant women, 1176 infants were delivered, parents of 556 children (45.0%) responded to BisQ at 12 months, and 376 children (30.4%) attended the third-year visit with eye measurement. compared with those who did not undergo BisQ at 12 months and eye measurement at the third-year visit, those who did had higher maternal education levels (75.0% vs 66.4%; P = 0.003), were more likely to be of chinese ethnicity (61.2% vs 53.6%), and less likely to be of indian ethnicity (15.2% vs 19.3%; P = 0.04). there were no significant differences in sex, total near work time (hours/day), total outdoor time (hours/day), and parental myopia (all P > 0.05) between the 2 groups (table 1). among the 376 participants included in this study, 13 (3.5%) of them were myopic, of whom 62% were males and 38% were females. Mean sE was 0.89 d (sd 0.88) and mean al was 21.8 mm (sd 0.65) at 36 months. Figure 1 shows the parent-reported sleep duration and number of night wakings of infants at 12 months. on average, infants at 12 months slept 8.9 hours (sd 1.6) at night, 2.9 hours (sd 1.4) during the day, and 11.7 hours (sd 2.1) in total at 12 months. the average of total sleep duration was 11.8 hours (sd 1.8) in chinese, 11.2 hours (sd 2.4) in Malay, and 12.2 hours (sd 2.4) in indian subjects. the average of number of night wakings per night at 12 months was 1.5 (sd 1.0) in chinese, 1.5 (sd 1.0) in Malay, and 1.7 (sd 1.1) in indian subjects. table 2 shows the association of BisQ at 12 months with sE and al at 3 years in the study participants. in continuous analysis (per unit increase), total sleep duration and number of night wakings at 12 months were not associated with sE after adjusting for age, sex, ethnicity, maternal education level, parental myopia, near work, and outdoor time at 24 months (all P > 0.05). compared with tertile 1, total sleep duration and number of night wakings in tertile 2 and 3 were not associated with sE (all P for trend > 0.05) in a multivariate model. one hour increase in total sleep duration (P = 0.07) and 1 increase in number of night wakings (P = 0.49) were not associated with al in the multivariate model. in tertile-based analysis, number of night wakings in tertile 2 and tertile 3 were not associated with al compared with tertile 1 (P for trend = 0.53). total sleep duration in tertile 2 and 3 were associated with al (P for trend = 0.02). infants who slept longer in the third tertile (at least 12.5 hours in total), were more likely to have a longer al [β: 0.20; 95% confidence interval (CI), 0.06 to 0.36; P = 0.006] after adjusting for all confounders (table 2) . infants with total sleep duration above the optimal total sleep duration (14 hours) (n = 325) were found to have no difference in sE compared with those with total sleep duration below 14 hours (n = 51) after adjusting for all confounders (P = 0.30). total sleep duration (P = 0.61) and number of night wakings (P = 0.24) were not associated with myopia (defined as SE less than −0.5 D) in a multivariate model. on average, the screen time at 24 months was 0.54 hours (sd 0.82) per day, whereas total near work time was 1.56 hours (sd 1.57) and outdoor time was 1.53 hours (sd 1.40). screen time was not associated with al (P = 0.26) or sE (P = 0.14) after adjusting for all confounders. disCussion in this study, we showed that total sleep duration and number of night wakings at 12 months were not associated with sE at the age of 3 years old. total sleep duration was not associated with al in continuous analysis but was associated with longer al in tertile analysis. infants with longer total sleep duration in the third tertile (at least 12.5 hours) were more likely to have a longer al (β: 0.20; 95% CI, 0.06 to 0.36; P = 0.006), and the P for trend in tertiles was 0.02 in the multivariate model. We postulate that the relationship between sleep duration and al could be nonlinear with a certain threshold. However, we could not conclude that sleep duration was associated with myopia, as there was no association with sE either in the continuous or categorical analysis. in contrast to our findings, previous studies have reported that shorter sleep was associated with myopia in school children. another cross-sectional study surveyed 486 participants aged from 10 to 59 years in Japan in 2014 and found that children aged 10-19 with high myopia (at least −6.00 D) had shorter sleep duration (P < 0.01), whereas the adults showed no such association.
13
Previous studies were, however, not adjusted by key confounders such as outdoor activity, light exposure, and near work. in school children, sleep deprivation may occur as a result of extended time spent in school with a lack of outdoor time and large amount of near work. shorter sleep might be associated with myopia development, mediated by reduced outdoor time, less light exposure, and more near work.
Biological plausibility behind the association between sleep and myopia is postulated as the activation of the dopaminergic pathway and the damage of iprgcs. sleep deprivation can downregulate dopamine d2r in ventral striatumin in humans, 16 which may result in less activation of retinal dopaminergic pathways resulting in axial elongation. animal models with elongated axial length via photoreception of short wavelength light showed that retinal damage and stretch in myopic eyes can damage iprgcs.
17,18 the dysfunction of iprgcs decreased photoreception, which may cause sleep dysfunction. Blindness has also been reported to be associated with sleep disorders due to the defects in light transmittance and photoreception. 19 there are several strengths in our study. this is the first study to investigate the association between sleep duration and myopia among infants. We measured refraction using cyclopentolate in a group of 3-year-old children to obtain an accurate measurement. in our study, the relationship between sleep duration at 12 months and refractive errors at 3 years may be less affected by lifestyle factors such as outdoor time and near work. in addition, we adjusted for near work and outdoor time at 24 months. due to the emerging popularity of smartphones in recent times, exposure to smartphone screens might affect myopia development. in an analysis additionally adjusting for screen time in the multivariable model, we found that it was not significantly associated with myopia. We postulate that sleep duration as a risk factor for myopia may not be independent and is possibly more affected by lifestyle risk factors.
the limitations of our study include low response rate with loss to follow-up and refusal of cycloplegia, which may have led to a selection bias. Parents who participated in the study might be more concerned about myopia, more affluent, or closer to the clinical sites, which may have introduced a selection bias. However, this is likely relatively minimal because the comparison between those with follow-up and those without (table 1) did not suggest significant differences in important risk factors of myopia such as parental myopia, near work, and outdoor time. table 1 shows a higher maternal education level in those with followup than those without (P = 0.003), which may have increased estimates of sleep duration, as children from families with higher socioeconomic backgrounds tend to have longer sleep duration.
20
Parents with higher education levels may tend to place a greater focus on education in their children, resulting in more near work and less outdoor time, but near work and outdoor time between the 2 groups were not significantly different and hence did not have a significant bias effect.
sleep duration was obtained from parental reporting through the sleep questionnaire, which is subject to recall bias. Parent reporting may have biased the results, as parents may have mistaken or misremembered the information. this might be a potential source of misclassification bias; however, there is less likely to be differential reporting between sleep groups as BisQs were collected at 12 months before eye measurements at 3 years. the BisQ has been validated with objective measures such as actigraphy (r = 0.23 to 0.54) and also demonstrated high test-retest correlations (r = 0.82 to 0.95). 21, 22 in addition, the mean total sleep duration reported in our study was similar to those in an earlier larger-scale study in singaporean infants, which was also based on the BisQ. 7 sleep at 12 months may still not be completely organized and hence more variable, which may not be reflective of the sleep quality and quantity that would be achieved slightly later in infancy. a recent gusto study has reported the sleep trajectories among same the GUSTO infant cohort aged 3-24 months using BisQ and displayed an average curvilinear increase in sleep trajectories of 0.12 hours per month (aged 3-12 months) and 0.02 hours per month (aged 12-24 months).
23 the difference in sleep duration between 12 months and 3 years of age may be a possible confounder.
in the current study, data on myopia was available only at 3 years. the more ideal study design might be sleep duration in infants, refraction and al measurement in infants, and at 2 time points evaluation of the myopic shift in acquired myopia. Previous studies conducted in singapore, china, Hong Kong, and taiwan, where myopia prevalence is high, have shown that the prevalence of myopia in children aged 3 to 5 years was low and increased rapidly after 6 years of age due to the myopic shift in acquired myopia with strong environmental influences such as increased near work and decreased outdoor time.
1,24−26 a chinese study including 8398 children found that the rate of myopia increased from 1.8% at age 3 to 5.2% at age 6 and rose to 52.2% at age 10. 27 in addition, because the study population was 3 years old, the myopia prevalence would be low, which was reported as 1.8% to 8.6% in previous studies.
1,24−27 at this age, the myopia prevalence often represents the prevalence of congenital myopia, which is associated with prematurity, other pathologic processes such as cataract, or relatively by genetic factors, 28 rather than acquired myopia. Because of the cross-sectional study design, the impact of sleep duration on myopia development in terms of emmetropization and factors that disrupt emmetropization could not be assessed. the dynamic emmetropization process occurs in the first 6 years of life. refractive errors at birth vary widely in infants, and the range becomes narrower with their growth to the smallest at 6 years.
29 infants tend to be hyperopic with average sE of +2.00 (+2.75) d, which changes from ametropic to emmetropic rapidly during the first 3 years of life, attributed to simple scaling effects or modulation of axial growth.
30 subsequently, emmetropization continues at a slower pace and completes by age 6 with 80% of children emmetropic. 31, 32 Further prospective studies with myopia data at 2 time points and/or up to 6 years are needed to evaluate the myopic shift in acquired myopia and the emmetropization process.
nighttime light exposure was shown to possibly affect myopia development in infants in previous studies 33, 34 ; however, we did not collect data regarding night light conditions in this study.
lastly, the small sample size may have limited the statistical power. our findings that sleep duration are not significant predictors of myopia might be due to the small proportion of myopic children at 3 years old (3.5%).
in conclusion, our study showed that sleep quantity and quality at 12 months were not associated with myopia at 3 years. Further large prospective cohorts with myopia data at 2 time points up to 6 years old and higher follow-up rates using objective sleep measures are needed.
